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SUMMARY OF DATA ON UREA 

Background . Urea (CO{NH2)2) is the diamide of 
carbonic acid. Urea is produced by the dehydration of ammo¬ 
nium carbamate which is synthesized from ammonia and carbon 
dioxide. Urea is the final degradation product of protein 
metabolism in man and other mammals, elasmobranchs, amphibia, 
and chelonia. Most of the nitrogen consumed in food is 
excreted as urea. Urea is formed in the liver mitochondria 
through the Krebs cycle and is the major organic component 
excreted in the urine. 

Urea is a natural constituent of many foods. Plant 
materials usually contain 5 to 15% urea. For example, oats 
may contain 4.5% of their total nitrogen content as urea, 
while oil meals contain about 0125%. 

Approximately 90% of, the 4.2 million tons of urea 
produced in the U.S. in 1973 was used as animal food supple¬ 
ments and crop fertilizers, while the remainder was used in 
urea-formaldehyde resins, and as coating materials for food 
packaging materials and fabrics. The Select Committee on GRAS 
Substances concluded that the maximum permissible daily urea 
intake in man, as a direct or indirect food additive, should 
be no more than 500 mg daily. The usual daily intake is much 
less than this amount. 
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Urea has been given therapeutically to reduce intra¬ 
ocular and intracranial pressure, to treat sickle cell anemia, 
as a topical antiseptic, and as an ingredient in ammoniate 
dentifrices. Urea has been used as an oral diuretic for 
chronic edema, although it is no longer the treatment of 
choice. 

Tobacco Use . Urea is used by the tobacco industry 
as a flavorant, and is applied to tobacco with casing materials. 
Approximately 1.3 million pounds of urea was used by the 
industry in 1985, and the current usage level of urea in the 
cigarette is between 2.25 mg and and 5.4 mg. Using gas 
chromatography, urea has been identified as a natural consti¬ 
tuent in Burley tobacco (Carugno, 1974). 

Regulatory Status . In 1978, the Federation of 
American Societies for Experimental Biology published a report 
written by the Select Committee on GRAS Substances (SCOGS Com¬ 
mittee) which provided an independent evaluation of the safety 
of urea as a direct food additive. The report, entitled 
"Evaluation of the Health Aspects of Urea as a Food Ingredient", 
was issued as SCOGS-103. The SCOGS Committee concluded that 
there was no evidence to suggest that urea, when used at 
current or future reasonable levels, presents any hazard to 
the public (SCOGS, 1977). 

Following the SCOGS review, urea was granted GRAS 
status by the Food and Drug Administration for use as a direct 
food additive when used as a fermentation aid in the production 
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of alcoholic beverages, in yeast-raised bakery products, and 
as a formulation aid in gelatin. 21 C.P.R. § 184.1923. As an 
indirect food additive, urea is used as a cellulose softener 
or plasticizer, in side seam cements for food containers, and 
in gassine and greaseproof paper for packaged dry foods. 21 
C.F.R. §§ 175.300, 176.180, 177.1200. 

The Independent Scientific Committee on Smoking and 
Health (the Hunter Committee) in Great Britain gave 
preliminary approval for the use of urea as a tobacco additive 
at a maximum inclusion level of 2% on June 11, 1985. The 
formal notification for urea as an approved ingredient will be 
published in the London Gazette when the Hunter Committee is 
informed that urea has been in use in a commercial cigarette 
in the UK market for 6 months. 

Urea is permitted as a tobacco flavorant under the 
German Tobacco Ordinance because it occurs naturally in Burley 
tobacco. 

Chronic Toxicity . Urea is very soluble in water and 
is rapidly absorbed and distributed throughout the body. In 
man, the normal level of urea is 26 mg urea per 100 ml blood 
plasma. A 70 kg adult forms an average of 25 to 30 grams of 
urea each day which is excreted in the urine. One indication 
of kidney function is the ability of the kidney to remove urea 
from the blood as measured by the glomerular filtration 
capacity (Guyton, 1975) . Patients with renal insufficiency 
frequently have levels as high as 200 mg urea per 100 ml blood 
plasma. 
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In humans, the therapeutic dose for urea administered 
orally as a diuretic in the treatment of chronic edema is 40 
to 100 grams {about 0.7 to 1.6 grams per kilogram). The 
recommended dose to reduce intraocular or intracranial pressure 
is 1 gm per kg of body weight administered intravenously. 

Dosage levels of urea at 2 to 3 gm per kg body weight have 
been given orally to healthy volunteers with no reported 
adverse effects (Eknoyan, 1969). The most common side effects 
of orally administered urea are diuresis, thirst, nausea, 
vomiting, minor gastrointestinal disturbances and somnolence. 
Intravenous administration of urea can result in headaches, 
mental confusion and vasomotor symptoms. 

The observed side effects of urea may be due, in 
part, to the high urea levels and changes in tissue elec¬ 
trolytes. Johnson and coworkers maintained high blood urea 
concentrations by intermittent dialysis in three patients 
suffering from advanced renal failure. Blood concentrations 
of 181 to 600 mg urea per 100 ml were maintained for periods 
of 7 to 90 days. When the urea concentration was kept below 
300 mg per 100 ml, no adverse effects were noted, although 
this level is 6 to 15 times greater than normal. Above 300 mg 
urea per 100 ml plasma, patients exhibited malaise, vomiting, 
bleeding, tenderness and headaches (Johnson, 1971). 

The toxic effects of long-term urea ingestion have 
been evaluated in several animal species. Dogs which were 
unilaterally nephrectomized received a subcutaneous injection 
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of 3000 to 4000 mg urea per kg every 8 hours for 45 days. 
Plasma urea levels were maintained between 200 and 700 mg per 
100 ml plasma. Measurements of hematocrit and platelet 
counts, electroencephalographric recordings and spontaneous 
movement were essentially normal in the nephrectomized dogs. 
The only observed side effects were mild drowsiness and 
increased diuresis (Balestri, 1971} . 

Rats fed with rations containing 2 to 24% urea for 
periods up to 190 days exhibited weight loss and suppression 
of sexual function even at the lower dosage levels. Rats 
receiving 14% urea in their diet and deprived of water died 
within a few days but survived 20 to 76 days if water was 
allowed with a 20% level of urea supplement, and 12 days with 
a 25% supplement (Richet, 1951). This study used only a small 
number of animals in each series, and data on actual food 
intake was lacking. 

Acute Toxicity . The acute toxicity of urea appears 
to be relatively low, particularly among nonruminants. Rumi¬ 
nants are much more sensitive to urea poisoning than nonrumi¬ 
nants. Sax lists the following acute toxicity data for urea: 
LDLO Dogs Subcutaneous 300 mg/kg; LDLO Dogs Intravenous 300 
mg/kg; LDLO Dogs Oral 511 mg/kg (Sax, 1979). 

Large doses of urea have been administered intra¬ 
venously to patients with sickle cell anemia to shorten a 
sickling crisis. The total dose of urea varied from 2.6 to 
'6.0 g per kg injected over 10 hours in one study and over 12 
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to 24 hours in another study. The side effects included 
diuresis, headache, and vein irritation, but these were not 
considered acute (Cooperative Urea Trials Group, 1974). 

Carcinogenicity . Urea was evaluated in a long-term 
feeding study using C57B1/6 mice and Fischer 344 rats as part 
of the National Toxicology Program - National Cancer Institute 
(NTP-NCI) carcinogenesis bioassay program. Urea was admini¬ 
stered at 0.45%, 0.9%, and 4.5% levels in the diet for 12 
months. No weight depression was noted for animals of either 
sex and species at any of the test doses. Male rats in the 
middle dose level group showed decreased survival (89%) 
relative to diet controls (95%) , while survival of all other 
test groups remained unaffected. There was a significant 
occurrence of hematopoietic tumors, particularly malignant 
lymphomas among female mice receiving the medium dose level. 
However, because lymphomas did not occur in the low dose or 
high dose groups, the authors of the study concluded that this 
lesion was of questionable biological significance. In the 
same study, rats treated with urea had a significantly higher 
proportion of testicular interstitial adenomas in the high 
dose group. The authors concluded that since this lesion may 
occur spontaneously in up to 100 percent of the control 
animals of the species, its biological significance was 
questionable (Fleischman, 1980). 

Several studies suggest that urea can inhibit tumor 
formation, growth retardation and death in experimental 
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animals. Urea was found to inhibit hepatocarcinogenesis 
induced by N,N-dimethyl-4-aminoazobenzene in rats (Lin, 1973). 
Tumor growth in rats innoculated with Walker 256 carcinosar¬ 
coma cells was inhibited by the local injection of urea 
(Takamura, 1977) . Elson et a_l. found that growth retardation 
of rats exposed to the smoke of high-sugar cigarettes was 
decreased by the addition of guanidine-nitrate or urea to the 
cigarettes (Elson, 1972). 

Genotoxicity . Urea was judged to be positive in a 
chromosome aberration test using Chinese hamster lung (CHL) 
cells. CHL cells exposed to urea had more than a 10% inci¬ 
dence of polyploid cells and chromatid aberrations as compared 
with the controls. As part of the same study, urea was nega¬ 
tive in the Ames reverse mutation assay using S. typhimurium 
strains TA98, TA100, and TA1537 (Ishidate, 1981). 

In an earlier evaluation, urea induced severe 
chromosome fragmentation and cytotoxic effects, particularly 
in metaphase cells at a final concentration of 50 mM. The 
authors concluded that chromosome fragmentation in cells 
exposed to high concentrations of urea may be the nonspecific 
effect of exposure to a high molarity solution, rather than 
the unique effect of urea on cells. The same effect might be 
seen for many other compounds at sufficiently high molarity 
levels. There was no evidence of chromosomal aberrations in 
cells treated with urea at the physiological level of 1 mM 
(Oppenheim, 1965). 
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Urea was found to be negative in the alkaline 
elution/rat hepatocyte assay at the 3 mM level. The alkaline 
elution/rat hepatocyte assay was designed to measure the 
ability of a compound to induce DNA single-stranded breaks as 
a predictor of its carcinogenic/mutagenic potential (Sina, 

1983) . 

Pyrolysis Toxicology Studies . A study was performed 
in which the effect of adding urea to cigarettes was evaluated 
by testing the resulting cigarette smoke condensate (CSC) in 
the Salmonella/microsome (S/M) assay (Ames plate incorporation 
assay). Urea was dissolved in water and injected into Univer¬ 
sity of Kentucky 1F4F Research Cigarettes at levels 1.5, 3.0 
and 6.0 times those normally used in commercial cigarettes. 

The cigarettes were smoked, and the impaction-trapped CSC was 

tested in the S/M assay (strains TA98 and TA100) with and 
without metabolic activation. The results indicated that the 
addition of urea to cigarettes, at any of the levels tested, 
did not alter the activity of the CSC. 

Pyrolysis Chemistry Studies . Chemical analysis of 
smoke was carried out using cigarettes treated with 2 % urea 
versus untreated controls. The blend composition was similar 
to the University of Kentucky Reference 1R4F cigarette. -54-ns-re 
we re no-major-significant-qualitative-di-fferences-between the 
gas_.phase- smoke- components—(COy- NO 7 - HCNy-and-RCH0)"~of" urea- 
treated—cigarettes compared ■ with-- the-controls 7 ~using- either 
nitrogen-phosphorus detection'”(NPD)~~or' - flame"ionization 
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detect dnn i F-Tn ) . However, both the NPD and FID data indicated 
a 10% to 20% quantitative reduction in the levels of gas phase 
components for the urea-treated cigarettes. 
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